A technique has been developed to rapidly screen enzyme inhibitor candidates from complex mixtures, such as those created by combinatorial synthesis. Inhibitor libraries are screened by using immobilized enzyme technologies and electrospray ionization ion cyclotron resonance mass spectrometry. The library mixture is first sprayed into the mass spectrometer, and compounds are identified. The library is subsequently incubated with the immobilized enzyme of interest under the correct conditions (buffer, pH, temperature) by using an excess of enzyme to ensure a surplus of sites for ligand binding. The immobilized enzyme͞inhibitor mixture is centrifuged, and an aliquot of supernatant is again analyzed by electrospray ionization mass spectrometry. Potential inhibitors are quickly identified by comparison of the spectra before and after incubation with the immobilized enzyme. Non-inhibitors show no change in ion intensity after incubation, whereas weak inhibitors exhibit a visible decrease in ion abundance. Once inhibitor candidates have been identified, the library is reinjected into the mass spectrometer, and tandem mass spectrometry is used to determine the structure of the inhibitor candidates as needed. This method has been successfully demonstrated by identifying inhibitors of the enzymes pepsin and glutathione S-transferase from a 19-and 17-component library, respectively. It is further shown that the immobilized enzyme can be recycled and reused for continuous screening of additional new libraries without adding additional enzyme.
D
uring the last decade new combinatorial techniques have been developed that allow for synthesis of vast quantities of potential therapeutic compounds (1) (2) (3) (4) . Although remarkable advances in generating complex libraries of molecules have been made, the analytical process of analyzing and screening the immense numbers of compounds generated is currently lacking. To keep pace with the synthetic process, contemporary analytical techniques must be capable of screening a large number of compounds in a high-throughput manner with precision and accuracy.
Notable progress has been made in overcoming the problem of screening extensive libraries that are created by combinatorial methods using MS (5) (6) (7) (8) . At present, a variety of front-end affinity-selection techniques are used in conjunction with MS to determine potentially active compounds. Although the nomenclature of the techniques may be different, the solution phase screening methods are all generally based on the same principles. The screening process is initiated by forming a protein͞ligand complex, followed by isolation of the complex by using, for example, size exclusion chromatography (9) (10) (11) (12) or a molecular weight cut-off membrane (13, 14) . Determination of bound ligands requires dissociation of the complex, followed by chromatographic-mass spectrometric detection. Some examples include pulsed ultrafiltration MS, developed by van Breemen and coworkers, as an elegant combinatorial library screening methodology (13, 15) . There are also a variety of screening procedures based on frontal affinity chromatography-MS (16) (17) (18) (19) (20) and capillary electrophoresis-MS (21, 22) .
The work described herein introduces an immobilized enzyme affinity selection procedure followed by electrospray ionization Fourier transform ion cyclotron resonance MS (ESI FT-ICR) as an inhibitor screening assay. This immobilized enzyme MS (IEMS) screening technique does not require dissociation or separation of the protein͞ligand complex for identification of strong inhibitor candidates, and chromatography is not necessary because all isolations are performed in the gas-phase by using ion trap capabilities. The use of FT-ICR as the detection system in the analysis of complex libraries offers considerable advantages compared with other mass spectrometers (23, 24) . The exact mass measurements, high resolution, and multiple stage mass spectrometry (MS n ) capabilities facilitate the elucidation of complex mixtures, such as those generated from combinatorial libraries. Mass accuracy to within 1.5 ppm and resolution of nominal mass isobars routinely yield unambiguous information as to composition and structure of individual components from such complex mixtures.
The IEMS assay for screening mixtures of potential binding ligands and inhibitors is performed by analyzing the library before and after incubation with the immobilized enzyme by using ESI FT-ICR mass spectrometry. Potential inhibitors are quickly identified by comparison of the spectra before and after incubation with the immobilized enzyme; i.e., relative ion abundance of inhibitors decreases or disappears after incubation because of binding with the enzyme. Non-inhibitors show no change in ion intensity after incubation, whereas the ion abundance of very strong inhibitors disappears completely. Ion intensities for moderate or weak inhibitors decrease noticeably. To simplify the data handling, spectra subtraction of the original before and after incubation libraries quickly identifies all strong potential inhibitors. Once inhibitor candidates have been identified, the final step is to reinject the library into the mass spectrometer, isolate the molecular ion of the potential inhibitor candidates in the gas-phase, and use collision-induced dissociation to determine the structure. The technique can be used to rapidly identify and structurally characterize potential inhibitors from complex solution phase libraries for protein͞ligand interactions without the need to isolate and dissociate enzyme͞ inhibitor complexes in the solution phase.
Using a molar excess of immobilized enzyme compared with the total molar concentration of the library is essential for the success of the screening assay. Excess enzyme ensures ample binding sites for the competitive inhibitors during incubation, which leads to the complete loss of ion intensity of strong binding ligands in the mass spectrum. The need for excess enzyme is offset by the ability to regenerate the active immobilized enzyme after the screening assay. Immobilized enzymes are easily recycled by denaturing the enzyme to release bound inhibitors, followed by refolding the enzyme in the proper solution environment. Overall, this recycling allows for multiple screening analyses with minimal amounts of target enzyme. It is important to acknowledge the possibility that immobilized enzymes may have different affinity characteristics from the native solution phase conformation. At this point in time, we show proof of principle that the ligands do bind to the immobilized enzyme and that activity is retained as observed by the depletion of inhibitor molecular ions in the assay.
To validate the technique, two model enzymatic systems were chosen. The enzymes pepsin and glutathione S-transferase (GST) were immobilized, and libraries of potential inhibitors were screened by using the described IEMS assay. Binding ligands for the two enzymes were rapidly and correctly identified by using this technique.
Experimental Procedures
Reagents. Pepsin (from porcine stomach mucosa), GST (from equine liver), sodium cyanoborohydride, and all library components were purchased from Sigma. Ethanolamine was obtained from Aldrich. Aminolink coupling gel (4% cross-linked beaded agarose, 50% slurry) was purchased from Pierce.
Enzyme Immobilization. Enzyme immobilization was performed through reductive amination between the protein primary amines and the aldehyde functional groups of the Aminolink coupling gel. For pepsin, the coupling buffer was 0.1 M sodium phosphate buffer (pH 4.5), the blocking buffer was 1.0 M ethanolamine HCl (pH 4.4), the wash buffer was 0.1 M NaPO 4 ͞ 1.0 M NaCl (pH 4.5), and the incubation buffer was 0.02 M sodium acetate buffer (pH 4.0). For GST, the coupling buffer was 0.1 M sodium phosphate buffer (pH 6.8), the blocking buffer was 1.0 M ethanolamine HCl (pH 7.0), the wash buffer was 1.0 M sodium chloride, and the incubation buffer was 0.02 M ammonium acetate (pH 6.8). The enzyme (4-10 mg) was dissolved in 100 l of coupling buffer and dialyzed on a 0.025-mm nitrocellulose drop dialysis membrane (Millipore) for 1 h over coupling buffer, then diluted to 0.5 to 2 ml in coupling buffer. The dialyzed enzyme was then added to 0.5 to 2 ml of Aminolink coupling gel slurry in an empty 5-ml polypropylene affinity column (Pierce) that was equilibrated with coupling buffer, followed by 40 to 200 l of 1 M sodium cyano borohydride solution prepared in coupling buffer. The column was capped and gently mixed overnight by using a rocking platform shaker. The column was drained and washed with 4 ml of coupling buffer. All washes were collected for determination of enzyme immobilization yield. To block excess reactive sites on the Aminolink gel, 1 ml of blocking buffer was added to the column followed by mixing for 2 h. The column was then washed successively with 15 ml of coupling buffer, followed by 20 ml of wash buffer and finally with 20 ml incubation buffer. The immobilized enzymes may be stored in a 50% glycerol solution with coupling buffer at 4°C.
Coupling Efficiency. Enzyme immobilization yields were determined by comparison of the amount of enzyme present before and after coupling to the gel. Free enzyme concentrations were determined by their absorbance at 280 nm by using a Uvikon 933 double beam UV͞VIS spectrophotometer (Kontron Instruments, Milan, Italy). The procedures of Lowry (25) and Domen (26) were followed by using the appropriate enzyme to construct standard calibration curves. Ϫ9 mols of each component, totaling 3.8 ϫ 10 Ϫ8 mols of pepsin library components and 3.4 ϫ 10 Ϫ8 total mols for the GST library, thus ensuring a molar excess of enzyme to ligands. The library solution was brought up to a final volume of 500 l in incubation buffer and thoroughly mixed, yielding a final concentration of approximately 4 M per component. A 400-l aliquot of the library solution was incubated with the immobilized pepsin slurry in a 1.5-ml Eppendorf tube for 1 h at room temperature with gentle rocking. The incubation mixture was centrifuged for 5 min at 3000 ϫ g, and 50 l of supernatant was removed for ESI-MS analysis. For the pepsin assay, the 50-l supernatant aliquot was subjected to drop dialysis for 1 h over water by using a Millipore 0.025-mm nitrocellulose membrane to remove the sodium acetate buffer. There was no detectable loss of components from the dialysis. The sample was then added to 60 l of MeOH for electrospray ionization.
Immobilized Enzyme Recycling. To allow continuous screening of the immobilized receptor, the enzymes were recycled. To remove the unbound library components from the immobilized enzymes, three, 1-ml washes of incubation buffer were added to the gel followed by vortexing, centrifugation, and removal of the supernatant. The immobilized enzymes were then denatured to release the bound ligands. The denaturing wash was performed by adding two 1-ml aliquots of MeOH to the immobilized enzyme gel and heating at 65°C for 10 min, followed by centrifugation and collection of the supernatant. The MeOH washes were combined and vacuum centrifuged to dryness. For ESI, the lyophilized samples were redissolved in 50 l of 60:40 MeOH:H 2 O.
Mass Spectrometry. Spectra were acquired on an Apex II FT-ICR mass spectrometer (Bruker, Billerica, MA) equipped with a 7-T actively shielded superconducting magnet. Ions were formed in a pneumatically assisted electrospray source (Analytica, Branford, CT) employing an off-axis electrospray probe at 1 l͞min. Ions were externally accumulated in a rf-only hexapole for 2 s before transfer into the ICR cell for mass analysis. Ions of interest were isolated in the gas-phase by using a series of frequency sweeps, and single frequency shots were controlled by using correlated harmonic excitation fields (27) . Ions were collisionally activated by sustained off-resonance irradiation (SORI) at 500 Hz above the cyclotron frequency for 250 ms by using Ar as the collision gas. Each spectrum is an average 20 to 50 transients composed of 512,000 data points acquired by using a Bruker data station operating XMASS version 5.01.
Results
Pepsin. To validate the new methodology, the enzyme pepsin was chosen as the first model system. Pepsin is the principal acid protease in gastric fluids and is involved in digestion processes. The inhibition of pepsin has been thoroughly studied and, therefore, is well characterized. The sequence of pig pepsin contains only two primary amines available for reductive amination; one on Lys and the other at the N-terminal amino acid, thus reducing the probability that its native affinity characteristics may be altered after immobilization.
Before the IEMS assay was performed, the pepsin immobilization yield was determined. Two separate immobilization yields were calculated: (i) the total maximum loading capacity of pepsin on the Aminolink gel and (ii) the immobilization efficiency of pepsin. For the maximum enzyme loading determination, 40 mg of pepsin was used for the immobilization with 1.0 ml of agarose gel. The unimmobilized pepsin was determined to be 19.7 mg from the UV spectroscopy assay, which equates to approximately 10 mg of enzyme per ml of agarose gel. To determine the immobilization efficiency of pepsin through re-ductive amination, another immobilization was performed by using 5 mg of pepsin and 1.0 ml of Aminolink gel, ensuring the maximum loading capacity of the gel was not exceeded. The UV spectroscopy assay determined the free unimmobilized pepsin to be approximately 0.4 grams, yielding an overall immobilization of 92.4%.
A library of compounds was assembled to test the screening capabilities of the IEMS assay (Table 1) . Fig. 1A is the negative ion ESI FT-ICR mass spectrum of the 19-component library before incubation with the immobilized pepsin, and each peak is labeled according to its component number indicated in Table  1 . The mass spectral analysis of the libraries must be performed in both polarities to ensure efficient ionization and detection of all components. Although spectra of each library were acquired in both the positive and negative mode, only one or the other polarity is presented for brevity. Fig. 1B is the negative ion mass spectrum of the library after a 1-h incubation period with the immobilized enzyme. Clearly, comparison of the two spectra reveals a total loss of ion intensity for known inhibitors, nos. 13, 15, and 17, which indicates binding. (The two other known inhibitors, compound nos. 6 and 11, were correctly identified as weak binding ligands, as detailed below.) In particular, compound 11 appears to increase in abundance. However, it has decreased relative to other ions in the spectra, thus signifying a weak inhibitor. N-acetyl-L-Phe-3,5-diiodo-Tyr (no. 13) has the weakest K i at 80 M (28), whereas the strongest binding ligand is pepstatin A (no. 17), with a K i of 45 pm (29) . These values give an estimation of the K i 's needed for determination of candidates as binding ligands by using the IEMS assay. If a component has a K i of approximately 100 M or lower, it may be identified as a binding ligand because of either a decrease in relative abundance or a total loss of molecular ion intensity after incubation with the immobilized enzyme.
The high resolving power and utility of using FT-ICR in the IEMS assay is exemplified in the expanded positive ion spectra shown in Fig. 2 A and B. Although the sodiated ion of no. 15 is isobaric with the protonated ion of no. 18, both are clearly resolved. Comparison of the spectra before (Fig. 2 A) and after (Fig. 2B ) incubation with the immobilized pepsin distinctly indicates a total loss of ion intensity at m͞z 694.43 (no. 15) whereas no loss of ion intensity at m͞z 694.38 (no. 18) is observed. Compound 15, pepsinostreptin, is a known strong inhibitor of pepsin, whereas no. 18, splenopentin, is a noninhibitor. Mass measurement accuracy was also such that compound 15 was measured to within 0.7 ppm of the theoretical mass whereas no. 18 was determined to within 1.4 ppm by using external calibration. Both the high resolution and accurate mass measurement capabilities increase the probability of correctly analyzing complex mixtures such as those generated from combinatorial libraries.
The IEMS assay may also be used to obtain structural information by using MS n techniques. Structural characterization is performed by reinfusing the intact library into the mass spectrometer and isolating the ions of interest in the gas phase by using correlated harmonic excitation frequencies (CHEF) (27) , followed by collision-induced dissociation. Although protonated splenopentin and sodiated pepsinostreptin differ by only 0.05 Da, the inhibitor was successfully isolated, demonstrating that chromatography is not necessary for the isolation and structural characterization of binding ligands from complex mixtures. The sustained off-resonance irradiation collisioninduced dissociation spectrum of the [M ϩ Na] ϩ ion for no. 18, along with its structure and generated fragments, was easily obtained (see supplementary Fig. 5 , which is published as supplemental data on the PNAS web site, www.pnas.org). Sufficient fragment ions were produced from the sodiated ion for complete characterization, demonstrating the ability of the technique to provide structural information of binding candidates. Given the probability that only small amounts of enzyme might be available for screening, a method was devised that allows the enzyme to be reused several times. In this way, the original immobilized enzyme can be repeatedly used in screening several different libraries without consuming additional enzyme. To recycle the immobilized enzyme, it is first washed with the incubation buffer, followed by exchange of solvent to a denaturing environment (see Experimental Procedures for details). This procedure releases the binding ligands, which can be collected and analyzed. The proper enzyme environment is then regenerated by suspending it in the appropriate buffer such that the fully active immobilized enzyme can be repetitively used for screening additional libraries. To demonstrate the reliability of the recycled immobilized enzyme, the IEMS assay was repeated with the pepsin library by using the recycled pepsin. Comparison of data after recyclization reveals nearly identical spectra, indicating that the enzyme has been successfully recycled with little or no loss in affinity characteristics or activity. This method of recycling the immobilized enzyme has been successfully repeated at least five times with pepsin, thus suggesting that at least five different libraries can be screened against the original immobilized enzyme.
In addition to recycling the enzyme, an added advantage of denaturing the enzyme is the fact that both strong and weak binding components can be released and analyzed by MS. Although the recycling experiment is not necessary for the identification of strong binding ligands, it presents a simple method of distinguishing between potential tight and weak binding compounds and provides a second check on identification of strong binding ligands. Weak binding candidates are considered those that bind to the enzyme during incubation but are still present in the mass spectrum after incubation because of larger dissociation constant values. Table 2 lists all of the weak binding compounds identified by the release experiment. Compounds nos. 7, 10, and 11 were released from the enzyme along with the strong binding compounds (nos. 13, 15, and 17). Additional weakly bound compounds (nos. 1, 3, 6, and 8) were identified from the positive ion spectrum. The components bestatin (no. 3) and leupeptin (no. 8) are general protease inhibitors and were expected to bind weakly to pepsin. Cholic acid (no. 7) and glycochenodeoxycholic acid (no. 10) are derivatives of the weak inhibitor chenodeoxy acid (no. 6) and were identified as possible weak binding ligands, as was diisopropyl-L-tartrate (no. 1). N-acetyl-3,5-diiodo-L-Tyr (no. 11), a known weak inhibitor, has a K i of 880 M (30). Thus, both ligands with K i 's ranging from 45 pM (pepstatin A) to approximately 900 M (N-acetyl-3,5-diiodo-L-Tyr) were successfully identified by using the release experiment, although the procedure was not a requisite to identify the strong inhibitors, as shown above.
Glutathione S-Transferase. The IEMS assay was further evaluated by examining a second, more structurally complex model enzymatic system, GST. GST is a detoxifying enzyme found in various organisms and catalyzes the nucleophilic attack of glutathione to a variety of electrophilic substrates. GST is considered an important therapeutic target based, in part, on its implication in the biological resistance of certain anti-cancer drugs. The sequence of various GSTs contain about 10% lysine, furnishing abundant sites for immobilization through reductive amination. *I, known inhibitor; P, potential inhibitor; N, non-inhibitor. † X, ion present in mass spectrum; O, total loss of ion intensity after incubation with immobilized enzyme; (X), Ͼ40% decrease in ion intensity after incubation with immobilized enzyme.
It also tests the reliability of the immobilization procedure because of the large number of free amines. An initial concern was that severe distortion of the enzyme might result from the immobilization, thus rendering the enzyme inactive, and that the affinity characteristics of the enzyme might be altered. Initially, 7.7 mg of GST was used for the immobilization onto 1.0 ml of Aminolink slurry or 0.5 ml of gel to determine the immobilization yield. Analysis of free unimmobilized GST by UV spectroscopy at 280 nm was determined to be 0.93 mg, resulting in an 87.6% immobilization yield.
As with pepsin, a library of inhibitors was constructed for GST based on the knowledge of known inhibitors, possible inhibitors containing various structural modifications of known inhibitors and known nonbinding ligands (Table 3 ). The final library consisted of 17 components, ranging in molecular weight from 222 to 805 Da.
The positive ion ESI FT-ICR mass spectrum of the 17 component GST inhibitor library before incubation with immobilized GST is shown in Fig. 3A . All 17 components are clearly resolved and identified. Fig. 3B is the mass spectrum of the library after incubation for 1 h with immobilized GST. Comparison of Fig. 3 A and B indicates that components 1, 5, 10, 15 , 16, and 17 have lost all ion intensity and are therefore identified as possible strong binding candidates. Ions at m͞z 316 and 557 are due to ammonium acetate clusters that occur during the electrospray process. Flavone (no. 1) and L-thyroxine (no. 15) are reported strong inhibitors for GST. The published K i for L-thyroxine is 6.6 M (31), again supporting the claim that compounds whose dissociation constants are in the range of low pM to high mM may be assayed as binding ligands. The screening analysis also identified glutathione sulfonic acid (no. 5) and S-(p-chlorophenylacetyl)-glutathione (no. 10) as strong binding candidates. These two components are derivatives of GST's natural substrate, glutathione; therefore, their affinity for GST is not surprising. Components 16 and 17 are L-thyroxine methyl ester and L-thyroxine ethyl ester, respectively, and have not been previously tested as inhibitor candidates for GST. All strong binding ligands identified by the IEMS screening assay are shown in Table 4 . The results also indicate that, even though GST is comprised of approximately 10% lysine, its binding characteristics are still retained after the immobilization. The ability of the assay to quickly identify unknown binding ligands from complex libraries is clearly an advantage in characterizing the binding properties of enzymes. For example, when the carboxylic acid of L-thyroxine was derivatized to a methyl or ethyl ester, the ligand still possessed strong binding characteristics. The ability to quickly determine, by mass analysis, binding characteristics based on differences in functional groups is an added advantage to those researchers in the area of combinatorial synthesis of enzyme inhibitors. Table 3 also displays the IEMS assay results of the inhibitor library before and after incubation with immobilized GST in the positive ion mode. Components present in the mass spectrum are indicated by an X, components with loss of total ion intensity are represented by a 0, and components with a decrease in ion intensity (Ͼ40%) are designated by (X). The value of 40% was chosen because of possible fluctuations in ion intensities from scan to scan because of the electrospray ionization process. Components 8 (S-hexylglutathione), 9 (S-(p-nitrobenzyl)-glutathione), and 14 (momany peptide) lost greater than 40% ion intensity and may be classified as possible weak binding ligands toward GST.
The binding components of the library were released from the immobilized GST according to the recycle experimental procedures. Fig. 4 is the negative mode ESI FT-ICR mass spectrum of the released components. Five candidates that were initially identified as strong binding components are present, reconfirming their binding affinity to GST, along with the weak binding ligands 8 and 9. The weak binding candidates were initially identified from a decrease in ion intensity after incubation with the immobilized GST and are now confirmed from the recycling experiment. S-Hexylglutathione is a known weak inhibitor for GST and was properly identified by the assay whereas S-(pnitrobenzyl)-glutathione was identified as a new weak binding candidate.
In addition to the two model systems discussed herein, studies have begun in the search for inhibitors for the poorly characterized enzyme class, the estrogen sulfotransferases. At this time, combinatorial libraries of possible inhibitors are being screened by using the IEMS assay and compared with a more traditional TLC assay. Thus far, identical compounds have been found to bind to the enzyme by using both assays when performed in double blind studies.
Nonspecific Binding. The Aminolink gel was tested to determine whether nonspecific binding was occurring between the ligands and the agarose. The gel was first deactivated by blocking the reactive aldehyde groups with ethanolamine. Both the pepsin and GST libraries were individually incubated with the deactivated agarose for 1 h and centrifuged, and the supernatant was electosprayed after drop dialysis. As expected, all hydrophilic ligands were present in the mass spectrum, which strongly suggests that there were no detrimental interactions with the agarose. It has also been previously reported that nonspecific binding to Aminolink coupling gel is minimal (26) . Unfortunately some of the hydrophobic components were detected in the mass spectrum after executing the recycling procedure with the deactivated agarose. Minute amounts of the components momamy peptide, lithocholic acid, and lithocholic acid methyl ester were detected. These components, which are only moderately soluble in water, are soluble in MeOH and were most likely redissolved during the recycling of the deactivated agarose. This effect presents a limitation to the procedure, in that hydrophobic components may result in false weak inhibitor hits. Hydrophobic compounds have also been encountered as problematic in other affinity-based mass spectrometric screening procedures (13) . To alleviate the problem, component libraries should be soluble in the proper buffer conditions required for specific enzyme activity. Our preliminary attempt was to use agarose because it is known to reduce nonspecific binding; however, other resins or microbeads could easily be implemented instead.
Conclusions
The method of combining immobilized enzymes for the affinitybased screening of possible inhibitor libraries in conjunction with MS has been shown capable of identifying strong binding targets from complex mixtures. Use of FT-ICR mass spectrometry ensures accurate detection of inhibitor candidates because of the exact mass measurement, high resolution, and MS n capabilities. Total analysis time including a 1-h incubation is approximately 1.25 to 1.5 h. Chromatographic separation of inhibitors was not necessary given the gas-phase isolation capabilities of the instrument. The IEMS assay for screening mixtures of potential binding ligands and inhibitors is performed by analyzing the library before and after incubation with the immobilized enzyme. Potential inhibitors are quickly identified by comparison of the spectra before and after incubation with the immobilized enzyme; i.e., relative abundance of inhibitors decreases or disappears after incubation because of binding with the enzyme. Two model enzymatic systems, pepsin and GST, were used to validate the technique by screening assembled libraries of potential inhibitors. For pepsin, all strong inhibitors contained within the library were identified, and the ability to structurally characterize the ligands by using tandem mass spectrometry (MS͞MS) was demonstrated. All known strong inhibitors, from a library composed of known, potential and non-inhibitors for GST, were also successfully identified. For both enzymatic models, weak binding ligands were determined from either a decrease in ion intensity after incubation or from detection of the compound after release during the enzyme recycling procedure. Immobilized enzymes were efficiently recycled for continuous inhibitor screening such that at least five different libraries could be screened by using one immobilization of pepsin. Overall, the screening technique was able to accurately detect and differentiate strong and weak binding ligands from a pool of potential target compounds, such as those created from combinatorial libraries. Currently, the IEMS assay is only proven to detect any and all ligand binding, not site-specific inhibitors. However, K i and IC 50 have been determined for compounds correctly identified as inhibitors for estrogen sulfotransferase by using this mass spectrometric methodology and verified with more traditional methods (32) .
